Background: One way to gain insight into the pathophysiology of chronic rhinosinusitis (CRS) is to study the immunologic changes that occur with exacerbation. This study describes the immunologic changes during CRS exacerbation Methods: We performed a prospective study to investigate the immunologic changes seen during exacerbation of CRS with nasal polyposis. We recruited adult subjects who met clinical criteria for CRS with sinus CT scan within the past 5 years with Lund-Mackay score of Ͼ5 and nasal polyps. Subjects underwent a baseline visit with collection of nasal secretion and nasal wash. With acute worsening of symptoms, subjects underwent 6 near-consecutive-day collections and one follow-up collection 2 weeks later. IL-6, IL-33, eosinophil major basic protein (MBP), eosinophil-derived neurotoxin (EDN), myeloperoxidase (MPO), and uric acid were measured on the nasal samples from each visit.
C hronic rhinosinusitis (CRS) is a common and debilitating problem that involves inflammation of the mucosal surfaces lining the nose and sinuses, leading to persistent symptoms of nasal congestion, nasal discharge, loss of smell, and facial pressure. 1 Unfortunately, many individuals with CRS continue to suffer despite use of currently available treatments. 2, 3 Immunologic mechanisms of CRS are not fully understood; a growing body of evidence suggests that CRS is heterogenous. 4, 5 One way to address these major gaps in our knowledge is to study the immunologic changes that occur with disease exacerbation. The objective of this study was to pilot test a model to study local immunologic changes that occur during natural exacerbations of CRS. To our knowledge, this is the first article describing immunologic changes during a CRS exacerbation using several prospective measurements.
MATERIALS AND METHODS
This is a prospective study of individuals with CRS with nasal polyposis (CRSwNP). Inclusion criteria were (1) aged Ն18 years; (2) meet clinical definition of CRS, which is 12 weeks with at least two of the major criteria for diagnosis (nasal discharge, nasal obstruction, facial congestion, facial pain/pressure/fullness, or a decrease in smell) within the past 24 months; (3) availability of a sinus CT scan within the past 5 years with a Lund-Mackay score of Ͼ5 6 ; (4) documentation of nasal polyps within the past 3 years. Exclusion criteria were (1) cystic fibrosis, (2) primary ciliary dyskinesia, (3) a primary immune deficiency disorder, (4) any cigarette smoking in the past year, (5) oral corticosteroids in the past 2 weeks before enrollment, or (6) intramuscular corticosteroids in the past 6 weeks before enrollment. The study was approved by the Mayo Clinic Institutional Review Board.
Individuals meeting inclusion and exclusion criteria underwent baseline assessments (V BL ), which included completion of a 22-item
Sino-Nasal Outcome Test (SNOT-22), 7 recording of all medications, nasal secretion, and nasal wash. Nasal secretions were obtained from the right nasal cavity by using a sterile sinus secretion collector (Xomed Surgical Products, Jacksonville, FL). The secretions were extracted by mixing with a threefold volume of 0.9% sterile NaCl. Nasal washes were performed by instilling 5 mL of isotonic saline (via syringe) in the left nostril followed by a collection into a sterile glass beaker designed for collection of nasal washes.
Participants were instructed to contact the research team if their CRS symptoms worsened acutely. Participants then provided daily nasal secretions and washes for 6 nearly consecutive days (visits 0-5 [V 0 -V 5 ]) and one follow-up visit 2 weeks after the first acute visit (V 6 ). Participants completed an SNOT-22 at the V BL , V 0 , V 5 , and V 6 based on recall of the previous 7 days of symptoms. 7 The levels of IL-6, IL-33, and myeloperoxidase (MPO) were measured by commercial ELISA kits (R & D Systems, Minneapolis, MN). The uric acid level was measured by Amplex Red uric acid assay kit (Life Technologies, Grand Island, NY). Major basic protein (MBP) and eosinophil-derived neurotoxin (EDN) were measured by in-house radioimmunoassay systems. 8 Differences between baseline measurements and each time point were calculated using the Wilcoxon rank sum test, with p Ͻ 0.05 considered significant (JMP, 9.0.1; SAS, Cary, NC).
RESULTS
Ten subjects were enrolled in January and February of 2012. Nine subjects presented for worsening of their symptoms between February and May of 2012. Table 1 describes the age, gender, SNOT-22 scores, and current medications for all nine participants who presented for worsening symptoms. In addition, from medical record review, we determined if the subjects had asthma, peripheral eosinophilia Ͼ0.5 ϫ 10 9 /L (based on maximum value reported in the medical record), previous sinus surgery, or atopy (based on positive skin-prick or serum-specific IgE tests). Only two of the participants (2 and 9) had a history of aspirin-exacerbated respiratory disease and one had a diagnosis of allergic fungal sinusitis. 2 We further analyzed the results of the SNOT-22 questionnaires and found that changes between V 0 and V BL were significantly increased for "need to blow nose" (2.33 versus 1.33; p ϭ 0.03) and were increased, although not
significantly in questions regarding nasal symptoms (runny nose, 2.00 versus 1.33; postnasal discharge, 2.89 versus 2.22; and thick nasal discharge, 2.25 versus 1.89). Figure 1 presents the changes over time in the immunologic parameters as composite values for all nine participants, presented as median and 25-75% quartiles. At the baseline, the levels of inflammatory parameters were relatively low, even though all the participants carried a diagnosis of CRSwNP. Compared with baseline measurements, IL-6, MBP, MPO, EDN, and uric acid were significantly elevated during CRS exacerbation (Fig. 1) . The levels of MPO and EDN appeared to show peaks early and late in exacerbation, and the uric acid remained elevated throughout the observation period. The levels of IL-6 and MBP as well as IL-6 and MPO showed significant correlation (r ϭ 0.47 and 0.75, respectively; p Ͻ 0.01).
The immunologic patterns observed in participants 4 and 6 are of special interest because both met the minimum decrease in the mean score of the SNOT-22 of Ͼ0.8 at V 0 compared with V BL (displayed in Fig. 2 ). Participant 4's SNOT-22 score never returned to baseline and showed a pattern of increased IL-6, IL-33, MPO, and MBP, and participant 6's SNOT-22 returned to baseline and showed a pattern of increased MPO only. 
DISCUSSION
This study shows the feasibility of prospectively evaluating participants with CRS exacerbations. In our study, two of the nine participants reporting worsening of their CRS symptoms had significant decreases in their SNOT-22 scores; both participants showed marked, although different, immunologic changes as measured in nasal secretions and washes. When considering all patients with self-reported disease exacerbation, we found significantly elevated levels of IL-6, MBP, MPO, EDN, and uric acid during disease exacerbation compared with baseline. To our knowledge, this is the first description of immunologic changes in individuals with CRS comparing baseline with disease exacerbation using serial immunologic measurements.
It is possible that the increased IL-6 response seen in our study is consistent with onset of a viral upper respiratory tract infection (URTI). Elevation of IL-6 in nasal irrigation fluid of healthy individuals has previously been reported during experimental rhinovirus infection. 9 Epidemiological data from Olmsted County documented CRS disease exacerbations during the winter season during which viral infections are known to be prevalent. 10 Imaging studies of acute rhinosinusitis secondary to viral URTI confirm the ability of viruses to elicit sinus mucosal swelling. [11] [12] [13] In addition, blowing the nose has been previously shown to propel viral particles into the sinuses. 14 Identification of virus in surgical specimens and by inferences from studies using animal models has also been reported. [15] [16] [17] [18] [19] [20] A recent study identified activation of IL-6 (and a possible signaling defect in the IL-6 pathway) in patients with CRS and nasal polyps compared with normal controls. 21 These findings suggest a host characteristic, when coupled with an environmental exposure such as viral URTI that promotes IL-6 production, could potentially explain a key underlying mechanism of CRS exacerbations. One could further speculate that an immune signature that includes IL-33 and MBP may be an eosinophilic signature (as best shown by the pattern seen in participant 4) as opposed to a neutrophilic signature (as best shown in participant 6).
There are several limitations that must be considered. First, the reproducibility of the collection methods requires further testing, especially with regard to the stability of the baseline measurement variability. Second, the number of subjects is small for this pilot study, and we did not include participants without nasal polyps (an important CRS subtype) or a normal control group to see if these immunologic changes are unique to CRSwNP patients. Third, we did not measure virus, bacteria, or fungi for this study, all of which may change in interesting ways during a CRS exacerbation. It would be important in the future to correlate the magnitudes and characteristics of the immune responses with the microbial species that cause exacerbation. Finally, all of the participants except one were taking topical corticosteroid medications, which could influence the immunologic patterns we measured. Topical corticosteroid may also explain relatively low levels of inflammatory parameters at the baseline (i.e., V BL ).
In conclusion, we have provided evidence of the potential usefulness in studying the immunologic changes during CRS exacerbation, a study model that may allow for a better understanding of the heterogeneity of CRS as well as shed light on the immunologic mechanisms responsible for the transition from acute to chronic inflammation.
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